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1
LEVEL CONVERTER

BACKGROUND OF THE INVENTION

Field of the Invention

The 1nvention relates to a level converter for converting,
two 1put potentials into two output potentials. It should be
possible to produce the circuit by using integrated circuit
technology.

In a conventional level converter circuit, the level 1s
converted by using reference diodes. A disadvantage of that
circuit, which uses the diodes to produce a reference voltage,
1s the constant current consumption. The reference voltage 1s
strongly dependent on temperature and technology.
Conventionally, transistors are used which operate as diodes.
That means that the reference voltage 1s dependent on the
threshold voltage of the transistors, and therefore on the
technology.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide a
level converter, which overcomes the hereinafore-
mentioned disadvantages of the heretofore-known devices
of this general type, 1.e. the circuit 1s not dependent on
technology and can thus be produced by using integrated
circuit technology. In addition, the level converter should
operate without current. With the foregoing and other
objects 1n view there 1s provided, in accordance with the
invention, a level converter, comprising a level converter
input, a level converter output, an mnverted level converter
output, a first push-pull mput stage as well as a first and a
second transistor. The first input of the first push-pull input
stage 1s connected to the level converter mput, and the first
output of the first push-pull mput stage 1s connected to the
control input of the first transistor. The second output of the
first push-pull 1nput stage 1s connected to the level converter
output, the first output of the first transistor and the first
output of the second transistor. The second mput of the first
push-pull input stage and the second output of the first
transistor are connected to a first potential, while the second
output of the second transistor 1s connected to a second
potential. The control mput of the second transistor 1s
connected to the inverted level converter output. The circuit
clements connected as above form a constituent part of a first
circuit path in the level converter. In the following text, this
circuit path 1s also referred to as the first push-pull path. A
second circuit path (or second push-pull path) in the level
converter has an inverter, a second push-pull 1input stage and
a third and a fourth transistor. The first input of the second
push-pull mput stage 1s connected to the level converter
input through the inverter, and the first output of the second
push-pull input stage 1s connected to the control input of the
third transistor. The second output of the second push-pull
input stage 1s connected to the inverted level converter
output, the first output of the third transistor and the first
output of the fourth transistor. The second input of the
second push-pull input stage and the second output of the
third transistor are connected to the first potential, and the
output of the fourth transistor 1s connected to the second
potential. Finally, the control input of the fourth transistor 1s
connected to the level converter output which 1s not
inverted.

In accordance with another feature of the invention, the
first push-pull mnput stage has two transistors with outputs
connected 1n series and control 1nputs connected to one
another to form the second mput of the first push-pull 1nput

10

15

20

25

30

35

40

45

50

55

60

65

2

stage. The two transistor outputs of the first push-pull 1nput
stage, which are connected to one another, form the first
output of the first push-pull input stage. A further output of
the transistors forms the second output of the first push-pull
input stage. Another output of the transistors forms the first
input of the push-pull input stage.

In accordance with a further feature of the immvention, the
two transistors 1n the push-pull input stage are field-etfect
transistors. The first transistor 1s an n-channel transistor and
the second transistor 1s a p-channel transistor.

The second push-pull mput stage 1s constructed 1n the
same way as the first.

In accordance with a concomitant feature of the invention,
the 1nverter 1s dimensioned asymmetrically in order to
ensure that the push-pull mput stages are driven symmetri-
cally.

Other features which are considered as characteristic for
the 1nvention are set forth 1n the appended claims.

Although the mvention 1s illustrated and described herein
as embodied 1n a level converter, it 1s nevertheless not
intended to be limited to the details shown, since various
modifications and structural changes may be made therein
without departing from the spirit of the invention and within
the scope and range of equivalents of the claims.

The construction and method of operation of the
invention, however, together with additional objects and
advantages thereof will be best understood from the follow-
ing description of specific embodiments when read 1n con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE of the drawing 1s a schematic circuit dia-
oram showing the structure of the inventive level converter.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now 1n detail to the single figure of the drawing,
there 1s seen a level converter with an input E having either
a level GND or a first level V1 applied thereto. The mput E
1s connected to a first input E1 of a first push-pull input stage
G. A first output Al of the first push-pull 1nput stage G 1s
connected to a control input of a first transistor P3. A second
output A2 of the first push-pull input stage G 1s connected to
a first output of the transistor P3, a first output of a second
transistor PS and a level converter output A. A second output
of the transistor P3 and a second imput E2 of the first
push-pull 1input stage G are connected to the first level V1.
A second output of the transistor P53 1s connected to a second
level V2. A control input of the transistor PS 1s connected to
an inverted level converter output A. The above-mentioned
circuit elements form a first circuit path (which is also
referred to as a first push-pull path GZ) i the level con-
verter.

An output of a second circuit path (or second push-pull
path GZ') in the level converter is coupled crosswise to the
first circuit path. The second circuit path additionally has an
mverter INV at its input. An iput of this inverter is
connected to the level converter input E. An output of the
inverter INV 1s connected to a first input E1 of a second
push-pull 1mnput stage G'. A first output Al of the second
push-pull input stage G'1s connected to a control input of a
third transistor P3'. A second output A2 of the second
push-pull input stage G'1s connected to a first output of the
transistor P3', a first output of a fifth transistor P5' and the
inverted level converter output A. A second output of the
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transistor P3', a second mput E2 of the second push-pull
input stage G' and a voltage supply of the inverter INV, are
all connected to the first level V1. A second output of the
transistor PS§' 1s at the level V2. A control input of the
transistor P3' 1s connected to the level converter output A.

Both the first and the second push-pull input stages G, G
have two transistors P1, N1 and P1', N1' having outputs
which are connected 1n series and control inputs that are
connected to one another and form the second mput E2 of
the respective push-pull input stage G or G'. The two
mutually connected outputs of the transistors P1, N1 and P1',
N1' and a further output of the transistors P1, and PI1’
respectively form the two outputs Al, A2 of the push-pull
input stages G, G'. The output connections of the transistors
N1 and N1' respectively form the first mnput E1 of the
push-pull input stages G, G'. The transistors N1 and N1' are
constructed as n-channel field-effect transistors, whereas the

transistors P1, P1', P3, P3', P5 and P$§' are p-channel field-
effect transistors.

The mverter INV 1s dimensioned asymmetrically in order
to ensure that the push-pull input stages G, G' are driven
symmetrically. An output signal which 1s the mverse of the
level converter output A can be picked off at the level
converter output A.

The level converter according to the mvention 1s dimen-
sioned 1n such a way that switching currents flow only
during switching processes, but not 1n the quiescent state.
The circuit 1s not dependent on technology and has a purely
digital structure.

The mverter INV 1s used to invert the mput levels GND
and V1 applied to the level converter input E into V1 and
GND, respectively. When the level GND 1s applied to the
level converter input E, the gate of the transistor N1 allows
a flow of current, 1.e. the transistor N1 1s on or 1s active. The
gate of the transistor P1 1s also at V1. As a result of feedback
through the transistor P3, which 1s also turned on, the
transistor P1 1s turned off. At the same time, the transistor PS
1s turned off by the output signal from the second circuit path
(or second push-pull path GZ"). The level converter output
A produces the potential V1 and V2, respectively.

If the level V1 1s produced at the level converter mnput E,
the transistor N1 is off (inactive). The gate of the transistor
P1 1s at the level V1, just like that of the transistor N1. The
output signal produced by the first circuit path (first push-
pull path GZ) turns the transistor PS on (active, conducting),
in so doing turns the transistor P1 on, and consequently, in
turn, turns the transistor P3 off. The level converter output
A then produces the level V2 and V1, respectively.

All gate-source, gate-drain and drain-source voltages are
lower than or the same as the level V1.

We claim:

1. A level converter, comprising:

a level converter mput, a level converter output and an
inverted level converter output;

a first push-pull mput stage having first and second inputs
and first and second outputs;

first and second transistors each having first and second
outputs and a control mnput;

said first input of said first push-pull input stage connected
to said level converter mput, and said first output of
said first push-pull mnput stage connected to the control
input of said first transistor;
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saild second output of said first push-pull mput stage
connected to the first output of said first transistor, to
the first output of said second transistor and to said
level converter output;

an 1nverter;

a second push-pull mput stage having first and second
inputs and first and second outputs;

third and fourth transistors each having first and second
outputs and a control input;

said first mput of said second push-pull input stage
connected through said inverter to said level converter
mnput, and said first output of said second push-pull
input stage connected to the control input of said third
transistor;

said second output of said second push-pull input stage
connected to the first output of said third transistor, to
the first output of said fourth transistor and to said
inverted level converter output;

said second 1nputs of said first and second push-pull 1nput
stages and the second outputs of said first and third
transistors connected to a first potential;

the second outputs of said second and fourth transistors
connected to a second potential; and

the control 1nput of said second transistor connected to
said 1nverted level converter output, and the control
input of said fourth transistor connected to said level
converter output.

2. The level converter according to claim 1, wherein:

cach of said push-pull mput stages includes two transis-
tors each having outputs and a control 1nput;

the control mputs of said two transistors are connected to
one another and to said second input of said push-pull
input stage;

one of the outputs of each of said two transistors are
connected 1n series and form said first output of said
push-pull input stage;

another output of one of said two transistors forms said
second output of said push-pull input stage; and

a further output of one of said two transistors forms said

first 1nput of said push-pull mput stage.

3. The level converter according to claim 1, wherein said
transistors are field-effect transistors.

4. The level converter according to claim 2, wherein said
transistors are field-effect transistors.

5. The level converter according to claim 2, wherein one
of said two transistors of each of said push-pull input stages
1s a p-channel transistor, and the other of said two transistors
of each of said push-pull mput stages 1s an n-channel
transistor.

6. The level converter according to claim 1, wherein said
first, second, third and fourth transistors are p-channel
transistors.

7. The level converter according to claim 1, wherein said
inverter 1s dimensioned asymmetrically for driving said
push-pull input stages symmetrically.

8. The level converter according to claim 2, wherein said
transistors have gate-source, gate-drain and drain-source
voltages at least as low as the first potential.
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